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Because various terms related to wastewater reclamation and

reuse have not been used consi§tently, it may be appropriate to

熊t forぬthe followi鴫de触itions in this review. “Wastewater

購ela馳靴ion,, is the t輪耽ment or prcoe!適ng of wastewater to

隠ake it reusable, and “w創ter reu§e’’is the use ofthis water for

a varicty of妙plic融ons. In addition, W種ter reuse implies the

existenee of a pipe or cther conveyan∞ facilities言ncluding

PumPi堪for delivering the購clained water.
``Indi陶ct reu鵜,,, th陶ugh disch餌鯵of種n e紐uent to a Iceeiving

Wateめody for a8毅milation and v威hd舶Wal downstream, is鵬re.

車軸の露i隠po旭耽b耽u軸劃y dee8 n飢00n§創u健償p宣種放れ顔

戴鴫鍛.’’暮れ∞調練軸to ``輪u8e,当he te蘭``w軸ew耽e重富∞叩1ing’’

no瑠ndly invctves only one use or user, and the e紐uent from

the u絶r i3 caPtured and red如eted back into that use鵜heme.

In this eo創ext事W耽er reeyCling is predominantly practiced in

ind鵬try. such締in steam electric, manufacturing. and mine博I

indu紋最e§.

This review continues the Literature Review reo堰rnization

ins融uted in 1984. Several topic§ that may be considered as

WasteW種ter能cl種mation and購u鵜Will appear in other review

既婚tions in this i§§ue, PeCifro劃y, referen∞S On鈍重cultu隠l and

landscape i壷gation are ∞vered in the review on ``Lend Appli-

Catien of Wastewater.’, Wastewater treatment t∞hnique§ COm"

monly used in wastewater reclamation and reuse can l鵜found

in the vinous treatment se(誼ons in this is§ue. All industrial water

recycling and reuse references have been covered in the appro-

Priate industrial waste review. Exceptions are reuse applications

for multiple industries or for miscellaneous industries not ex・

Plicitly included in the industrial waste reviews. AIso included

in this reviev is the topic ofwater reuse for groundwater rechar鯵.

Finally, references rel融ng to health e価ects appear in the review

On ``Health E航海tS Associated wi血Wastewater Treatment, Dis・

POSal and Reuse.’’

GENERAL

The medor addition in 1986 to the literature on wastewater

reclamation and reuse was the proceedingsl from the Second

Intemational Gothenbu喝Sympo§ium held in Berlin, Federal

Republic of Germany. It contained 3 3 papers covering chemical

treatment technoIogy, reCyCling of water, Sludge, and treatment

Chemicals. Freshwater Foundation2 published a special issue

joumal on water reuse that contained 15 articles on various

鵜p(舶Of wastewater reuse. The World Health Organization

repo証discussed indu§trial w鵜tewater treatment and dischange

in the Mediter隠ne孤孤ca including reeycling and reuse options.

Whitel published the second edition of ‘.Handbook of Chlo-

rination’’which also included chapters on chlo血e dioxide,

OZone, bromine, iodine, and UV rediation. A brief historical

background of wastewater reuse was included in this volume.

Ju調e 1987

Culp/Wesner/Culp5 published “Handbook of Public Water Sys-

tems’’which contained a chapter discusslng WaSteWater in water

SuPPly souroes as weu as many related topics. “Devdo垂ng World

Water,,6 covered a number of water relatくねtopies such as血e

United Nations Drinking Water Supply and Sanit証on Decade,

Which emphasized water problems of血e developing countries.

Several other notable contributions to the su助ects included,

“scarce water and Institutional Change,, ty Fiederick,7 “The

Economic Value of Water" by Gibbons,8 and `●Hazardous Waste

Regulation-The New Era,, by Fortuna and Lemett.9

WATER REUSE PLANN重NG

An economical, COntinuous supply of irrigation water to golf

∞urSes, Packs, and greenbelt areas was provided as a result of

a prQject undertaken by two rapidly developing districts in

southem Califomia. 1O The city of Palm Springs, C劃f, PerCdated

its secondary e冊uent through alluvial natural sand lay関before

it was intemixed with waters in血e undenying aquifer in

Coachella Basin area and its tertiary e組uent was used for irri-

gation for the municipal greenbelt area.1 1

On-§ite wastewat榊reclamation and reuse !拘晦m§ Were, re-

Viewed with §PeCial reference to applications in commercial

buildings and apar'ment complexes. 12 park e‘ al■13 reported on

Water reuSe PrQjects in Korea including wastewater treatment

and reuse in buildings.

MUN量CIPAL WASTEWATER REUSE

Neis eピal.14 examined the reuse of municipal wastewater in

Cairo, Egypt, after treatment by a rotating biolo鏡cal cQntactOr

under high o喝anic Ioadings. A pilot-SCale reverse osmosis unit

treating second劃y e組uent was tested in Port Elizabeth, South

A鮎ca.15 prQi∞t APRICOT16 in Altamonte Springs, Ha., WaS

reviewed and §eVeral reuse plans were presented. To soIve water

po肌tion problems ofthe Yodo River in Japan,17 five altemative

Plans including water conservation and recycling were discussed.

A bioIo由Cal wastewater treatment process with powdered act主-

vated carbon was discussed with reference to water reuse. 18

Removal e価ectiveness of enteric vinlSeS, CO脆forms; and

roundwom eggs in tertiary餌er was examined. 19 Disinfection

for potal)le reuse was ca重hed out in Denver, CoIo., using bacterial

indicators and coliphage.2O

A mathematical model aimed at regional optimization was

described in relation to plant capacity, treatment level, and al-

location of the e組uent to irrigating fams.21 A wastewater rec-

lamation and reuse program at Napa, Calif,22 was required to

mitigate the costs of treatment and to comply with the prohi-

bition of summer dischange.

GROUNDWATER RECHARGE

The following groundwater books published in 1 986 contained

Chapters on groundwater recharge, quality, POllution control,

and monitoring: ``Groundwater and Wells,, by Driscoll,23
``Evaluation of Pesticides in Ground Water,, by Gamer c他ら24

and “胸放)Se Zone M繭妨略QrO崎mic fわ硯細nts’’by Hem

and Melancon.25 A quarteny h“朋al Qr c加/amimni H肋り手

a馴f6 was inaugurated. The primary purpose ofthis joumal was

to publish articles on the contamination of groundwater and

the behavior of onganic and inorganic contaminants in both the

unsaturated and the saturated zones.

429



Wastewater Treatment

Advanced wastewater treatment for groundwater rechange was

used at血e Be担n Water Wonrs and Be血in Sewage Works in

血e Ftderal Republic of Gemany.27 Arizona,s groundwater

code28 and groundwater rechange29 were discu§sed.

重NDUSTRIAL WATER RECYCLING AND REUSE

Bridle30 examined hot lime softening ofpetroleum prooesslng

e組uent and recyding. A 3-year laboratory study3 1 was conducted

with pulp and paper mill wastes. Crops §uCh as maize, ba血ey,

and, Wheat were grown success餌Iy despite increases in the soil’s

level of exchang儲心le sodium. The e鯖劇S Ofwater reuseIrecycling

on food processlng Wa§te32 were investigated with by-prOduct

r。∞Very for animal feed production. Treatment and reuse of a

complex indus血al wastewater were discussed33 using a combined

ultrafiltration and caめon adsorption §ystem.

Zer〇十dischange systems were used in commercial plating

plants34 and by cIosed loop desalination of treated wastewater.35

Survey results on, electroplating industry in Sou血east Asia36 and

implementation of integrated wastes treatment37 were reported.

The potential for.wastewater reuse and recycHng by steam el∞tric

generating industry was assessed and 5 3 power plant§ uSing reuse/

recycle measures were identified.38 complete e餌uent recycling

in a bleach plant with ultrafiltration and reverse osmo§is was

reported.39 water management schemes for reducing the volune

of intake water in industries were suggested which included water

r∞yCling and reuse.4O

TECHNOLOGY DEVELOPMENT

``Reverse Osmosis Treatment of Drinking Water’’by Eisen-

beng and Middlebrooks,4 1 contained several chapters relevant to

wastewaler reclamation and reu§e. Disinfection of wastewater

in coniunction w池Iime treatment, reVerSe OSmOstS, and chlorine

dioxide w争s disc宣ssed by Rogers and Leuer.20

Tertiary treatment with ferr加e coagulation and ozonation was

investigated in water reuse.42 Deteminations of c軸orine dioxide,

chlorate, and chlorite in reclaimed water were discussed.43 A

field laundry wastewater recycling system uslng POWdered ac-

tivated carbon, `pOlyelectrolyte, and diatomaceous earth filter

was evaluated in military field laundry operations.44

7tzkashi Asano js with /he Cカl妙mia State Wa/er ResouI償S

Cbn!roI BαZrd P.0. Bax. JOO, Sac糊mento, G4 95801; and /he

Dやaγtment Qr civi/切gineering, Unive鳩互y Qr CtIl的rnia al

Davis, α 95616.

REFERENCES

l ∴`Recycling in Chemical Water and Wastewater Treatment.’’H. H.

H血n, C′ al. (Eds.), In§titute fur Siedlungswasserwirtschaft, Univer-

sitat Karlsruhe, Karlsruhe, Federal Republic of Gemany ( 1 986).

2. “Re血inking Reuse: A Water Supply for Our Future.,, J凡傷hwa!er,

10, Navane, Minn. (1986).

3. ``Treatment and Discharge of Industrial Wastewater in Mediterra-

nean Area.,, Rept. Worid Health Onganization Workshop Veni∞,

Italy EH-8, Wohd Health C巾ganization, Regional O鯖ice for Europe・

Copenhagen, Denmark ( 1986)・

4. White, G. C., ``Handbook ofChlorination.’’2nd Ed., Van Nostrand

Reinhold Co., Inc., New York, N. Y. (1986).

5. Culp/Wesner/Culp, “Handbook of Public Water Systems.” Van

Nostrand Reinhold Co., Inc., New York, N. Y. (1986).

6∴`Developing Worid Water.” Grosvenor Press Intemational Ltd.’

London, England ( 1 986).

430

7. “Scarce Water and In§titutional Change.’’K. D. Frederick, (Ed.),

Resourees for the Future, Inc., Washington, D. C. (1986).

8. Gibbons, D. C., ``The Economic Value of Water.’’Resources for

the Future, lnc., Washington, D. C. (1986).

9. Fortuna, R. C., and Lennett, D. J., ``Hazardous Waste Regulation-

The New Era.,, McGraw-Hill Book Co., New York, N. Y. (1986).

10. Foley, J. V., Ct al.言`R∞laimed Califomia Wastewater Provides

Drought Insurance.’’脇rer Eng Man4ge., 133, 5, 30 (1986).

=. Fisiche11i, A., ``Total Recycling.’’Clyem/ion再b朋m, 3, l , 28 ( 1986).

1 2. Asano, T., C/ al., “On-Site Wastewater Reclamation and Reuse Sys-

tems in Commercial Buildings and Apartment Complexes.’’創omb-

i噂E喝ineeら14, 7, 22 (1986).

13. Park, C. H., C寝l., ・・A Study on the Water Reuse in Limited Water

Resources Countries-Especially in Korca.’’W加eγ S施P毎4, l

(1986).

14. Neis, U., c掴広``Reuse of Municipal Wastewater in Arid Countries:’

Proc. J3!h初WPRC Biemial J誓eγm!ional Cb帝RIo de Janeiro’

Rrazil, 681 (1986).

15. Vail, J. W., and Bamard, J. P., “Reclamation ofSecondary Sewage

E組uent by Reverse Osmosis: A Pilot Plant Study・,, Woteγふ4・ 12,

1, 37 (1986).

16. Murphy, R. C., ``Putting Wastewater to Work.” CIv#別g・・ 56, 6・

77 (宣986).

1 7. Yamada, K., ``Water Conservation Measures for Sources of Water

Supply.’’耽れer S印加r 4, 1, 245 (1986).

1 8. Lee, S. E., “Water Reuse by Biophysical Treatment Prooess.’’mteγ

S卿助,, 4, 1, 225 (1986).

1 9. De Leon, R., C/ a/.∴`Microorganism Reinoval from Wastewater by

Rapid Mixed Media Fntration.’’l胸erRc§. (G. B.), 20, 5, 583 ( 1986)・

20. Rogers, S. E., and Lauer, W. C.’“Disinfection for pctal)le reuse:’

J肋海er Iわ肌t. CbntroI Iセd, 58, 3, 193 (1986).

2l. Dinar, A., and Yaron, D., `●Treatment Optimization of Municipal

Wastewater and Reuse for Regivnal Irrigation.’’Wめer R跨o肌R鋤.,

22, 3, 331 (1986).

22. Deis, G. C., C‘ al.,負R∞laimed water irrigation to eliminate sumner

dischange.,, J耽rer Jわ肌!. Cbn!ro母也. S8, l l, 1039 (1986).

23. Drisco11, F. G., “Groundwater and We11s,,, 2nd Ed., Johnson Di-

vision, St. Paul, Minn. (1986).

24. …Evaluation of Pesticides in Ground Water.,’W. Y. Gamer, e寝l.

(Eds.), Am. Chem. Soc. Symposium Serie§ 31 5, Washington, D. C.

(1986).

25. Hem, S. C., ahd Melancon, S・ M.;“Vadose Zone Modeling of Or-

ganic Pollutants.,’Lewis Publishers, Inc., Chelsca, Mich. ( 1 986).

26. J. Cbntaminanl H函ho塵坊EIsevier Science Publishers, Amsterdam,

The Netherlands ( 1 986).

27. Tessendo重廿H., ``Advanced Wa如ewater Treatment for Groundwater

Recharge and Preservation of Water Resources-Presentation of a

Pilot Plant in the City ofBerlin.’’W協er Sl他面4, l, 157 (1986).

28. Ferris, K., …Arizona,s Groundwater Code: Strength in Compromise.’’

J Am. mzJer Wo庇sAs$OC., 78, 10, 79 (1986).

29. Ambrose, W. A., and Lynn, P., “Groundwater Recharge‥ Enhancing

Arizona,s Aquifers.,’J Am. Water Wb融4s∫OC., 78, 10, 85 (1986).

30. Bridle, M. K., ``Esso,s Experience with Produced (Water) and

Wastewater Recycle Systems.’’Ene略y Process・ (aIn・)タ79, l, 8

(1986).

3l. Juwarkar, A. S., and Subrahmanyam, V. R., “Impact of Pulp and

Paper Mill Wastewater on Crop and Soil.,, PγOC. J31h J4砂やRC

Biemia/ Jn!emational Cb嬢朋ce, Rio de Janeiro, Brazfi, 693 ( 1986).

32. Frankel, R. J., and Phongsphetraratana, A.言`E飾ects of Water Reuse,

Recycling and Resource Recovery on Food Proce§Sing Waste Treat-

ment in Thailand.,, Wa!er綿i. ]セchnol. (G. B.), 18, 3, 23 (1986).

33. Van Gils, G., and M. Pirbazari, “Development of a Combined Uト

trafiltration and Cahon Adsorption System for Industrial Wastewater

Reuse and Priority Pollutant Removal・,, Environmen!al Pngγ僕的

5, 3, 167 (1986).

34. Elliott, R. H., Jr., “Meeting the Requirements of Zero Discharge.’’

P月のd Finish., 50, 1 1, 76 (1986).

Joumal WPCF, Volume 59, Number 6



Wastewater Treatment

35. Trach, R. J., “Zero Wastewater Dischange?’’Pn。d凡nish., 50, l l,

38 (1986).

36. Tay, J. H., “Electroplating Wastes Treatment and Recycling.’’脇ter

Sri. 7セぐhnol. (G. R.), 18, 3, 143 (1986).

37. Stonc. J. N.. and Marasco. G. F., “lntegrated Treatmcnt o「Wastes

at Atlas Steels.’’h・。n S/eC/ Eng., 63, 4, 43 (1986).

38. Breitstein, L., and Tucker, R. C.,.●Water Reuse and Recycle in the

U. S. Steam Electric Generating Industry-An Assessment ofCunent

Practice and Potential for Future Applications.’’Rept. No. USGU/

G-1074. U. S. Geol. Surv., Reston, Va. (1986).

39. Dorica, J., C寝/., “Complete E組uent Recycling in the Bleach Plant

With Ultrafiltration and Reverse Osmosis.’’T4堀69, 5, 1 22 ( 1 986).

40. Law, I. B., “Reuse, Recycling and Resources Recovery in Industrial

Applications.’’muer Sci. 7むhnol. (G. B.), 18, 3 (1986).

4l. Eisenberg, T. N., and Middlebrooks, E. J., “Reverse Osmosis Treat-

ment of Drinking Water.’’ButteIWOrth Publi§hers, Stoneham, Mass.

(1986).

42. Farooq, S., and Bari, A., “Tertiary Treatment with FelTate and

Ozone.’’J Environ. Eng. (N. Y.), 112, 2, 301 (1986).

43. Lohman, S. R., a a[, “Challenges in the Measurement ofChlorine

Dioxide at Denver’s Potable Water Reuse Demonstration Plant.’,

Proc. 4m. W海er Wbrks A$∫OC., 13, 201 (1986).

44. Bandy, J. T., C/ a/., “Development ofa Field Laundry Wastewater

Recycling System.’’U. S. Amy Construction Engineering Research

Lab, CERL-TR-N-86IO8; AFESC/ESL-TR-85-44, Champaign, Ill.

(1986).

June 1987 431


